A Study of Acoustic Reflections to Determine the Location, Size, Shape, and Orientation of Reflecting Objects by Heller, Brandon M.
Eastern Illinois University
The Keep
Masters Theses Student Theses & Publications
2017
A Study of Acoustic Reflections to Determine the
Location, Size, Shape, and Orientation of Reflecting
Objects
Brandon M. Heller
Eastern Illinois University
This research is a product of the graduate program in Natural Sciences at Eastern Illinois University. Find out
more about the program.
This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.
Recommended Citation
Heller, Brandon M., "A Study of Acoustic Reflections to Determine the Location, Size, Shape, and Orientation of Reflecting Objects"
(2017). Masters Theses. 2697.
https://thekeep.eiu.edu/theses/2697
The Graduate School� 
EA"iTEl\N ILLINO!S lJNIYERSITY 
Thesis Maintenance and Reproduction Certificate 
FOR: Graduate Candidates Completing Theses in Partial Fulfillment of the Degree 
Graduate Faculty Advisors Directing the Theses 
RE: Preservation, Reproduction, and Distribution of Thesis Research 
Preserving, reproducing, and distributing thesis research is an important part of Booth Library's 
responsibility to provide access to scholarship. In order to further this goal, Booth Library makes all 
graduate theses completed as part of a degree program at Eastern Illinois University available for personal 
study, research, and other not-for-profit educational purposes. Under 17 U.S.C. § 108, the library may 
reproduce and distribute a copy without infringing on copyright; however, professional courtesy dictates 
that permission be requested from the author before doing so. 
Your signatures affirm the following: 
[l The graduate candidate is the author of this thesis. 
[] The graduate candidate retains the copyright and intellectual property rights associated with the 
original research, creative activity, and intellectual or artistic content of the thesis. 
['-I The graduate candidate certifies her/his compliance with federal copyright law (Title 17 of the U. 
S. Code) and her/his right to authorize reproduction and distribution of all copyrighted materials 
included in this thesis. 
I The graduate candidate in consultation with the faculty advisor grants Booth Library the non­
exclusive. perpetual right to make copies of the thesis freely and publicly available without 
restriction, by means of any current or successive technology, including by not limited to 
photocopying, microfilm, digitization, or internet. 
_I The graduate candidate acknowledges that by depositing her/his thesis with Booth Library, 
her/his work is available for viewing by the public and may be borrowed through the library's 
circulation and interlibrary loan departments, or accessed electronically. 
L; J The graduate candidate waives the confidentiality provisions of the Family Educational Rights 
and Privacy Act (FERPA) (20 U. S. C. § l 232g; 34 CFR Part 99) with respect to the contents of 
the thesis and with respect to information concerning authorship of the thesis, including name and 
status as a student at Eastern Illinois University. 
I have conferred with my graduate faculty advisor. My signature below indicates that I have read and 
agree with the above statements, and hereby give my permission to allow Booth Library to reproduce and 
distribute my thesis. My adviser's signature indicates concurrence to reproduce and distribute the thesis. 
¢hrEiuifte Candfila'teSignature Faculty fdviser Signature 
])ouGLA� [ , BRAIV'D-r 
Printed Name Printed Name 
_J4__�> �f_r[; <J·f /Vcfi..�11re1) Scre11 ce_ -�.4_i_05". ,;zo17 Graduate Degree Program Date 7 
Please submit in duplicate. 
A study of acoust ic  reflect ions to determ ine  the locat ion,  s ize, shape, and  or ientat ion of 
reflect ing objects. 
By 
Brandon M .  He l l e r  
THESIS 
S U B M ITTED I N  PARTIAL FU LFI LLM ENT OF TH E REQU I RE M E NTS 
FOR TH E DEG REE  OF 
MASTE RS OF SCI E N CE I N  NATU RAL SCI E N CES 
CON CENTRATION I N  PHYS ICAL SCI E N CES 
I N  TH E G RADUATE SCHOOL, EASTERN I LL INO IS  U N IVERSITY 
CHARLESTON, I LL INO IS  
Spr ing  2017 
I H EREBY RECOM M END THAT TH IS TH ESIS BE  ACCEPTED AS FU LFI LLI NG 
THIS PART OF THE GRADUATE DEGREE CITED ABOVE 
tJs-/D.3/�11 � 17 
THESIS COMITTEE CHAIR DATE DEPARTMENT/SCHOOL CHAIR DATE 
OR CHAIR'S DESIGNEE 
s1s/rz 05(03/17 
THESIS COMITTEE MEMBER DATE THESIS COMITTEE MEMBER DATE 
THESIS COMITTEE MEMBER DATE THESIS COMITTEE MEMBER DATE 
©Copyright by Brandon M. Heller 
April 1st 2017 
All Rights Reserved 
11 
Dedication Page 
Acknowledgements 
To my brother  for h i s  many ideas 
To my wife for cou nt less hours of support 
To my mother, who he lped spark my sense of wonder  
To my father  for h i s  expert ise with construct ing the shapes 
To a very pat ient advisor i n  Dr. Bra ndt for the experimenta l mode l ing and gu idance 
And To Da n ie l  K ish,  whose work i nsp i red this thesis 
Vll 
Table of Contents 
Tit le  .......................................................................................................................... i 
Copyright notice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i  
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i i  
Tab le  of  Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v  
List of  Figu res . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i  
I. Introduction ....................................................................................... 1 
II. Acoustic Waves and Echolocation .................................................. 4 
Ill. Literature Review .............................................................................. 7 
IV. Questions ........................................................................................... 10 
V. Construction ...................................................................................... 11 
VI. Experimental Methods .................................................................... 17 
VII. Experiments 
a. Experiment 1 ............................................................................... 23 
b. Experiment 2 ............................................................................... 32 
c. Experiment 3 ............................................................................... 35 
d. Experiment 4 ............................................................................. . .  38 
e. Experiment 5 ............................................................................... 41 
VIII. Theory ............................................................................... . ............... . .  44 
IX. Conclusion ......................................................................................... 53 
X. Future Applications ................................................... ....................... 58 
XI. Works Cited ....................................................................................... 59 
Vlll 
List of Figures 
Figure 1 Plot of sampling amplitude vs. time for 4000 Hz component of click ........................................... 12 
Figure 2 Plot of sampling amplitude vs. time for 8000 Hz component of click ........................................... 12 
Figure 3 Plot of sampling amplitude vs. time for 12000 Hz component of click ......................................... 12 
Figure 4 Plot of sampling amplitude vs. time for sum of click components ................................................ 12 
Figure 5 Detected plot of sampling amplitude vs. time ................................................................................ 13 
Figure 6 Circular Objects (pictured 15, 31.5, 45 cm) ................................................................................... 14 
Figure 7 Rectangular Objects (1: 1, 1: 1.5, 1 :2, 1 :7) ...................................................................................... 15 
Figure 8 Excel produced graph of Relative reflected energy vs. sample length (80 cm No overlap) .......... 18 
Figure 9 Excel produced graph of Relative reflected energy vs. sample length (20 cm with overlap) .......  18 
Figure 10 Relative reflected energy vs. sample length (Recorded) .............................................................. 19 
Figure 11 Relative reflected energy vs. sample length (Control) ................................................................. 19 
Figure 12 Relative reflected energy vs. sample length (Difference) ............................................................ 19 
Figure 13 Experimental Setup ...................................................................................................................... 22 
Figure 14 Propagation time vs. Axial Distance ............................................................................................ 24 
Figure 15 Linear Plot of Relative Reflected Energy vs. Axial Distance ...................................................... 24 
Figure 16 Log-Log plot of frequency components vs. Axial distance ......................................................... 25 
Figure 17 Log-Log Plot of Total Energy vs. Axial Distance ........................................................................ 27 
Figure 18 Typical FFT of a Reflection ......... ... .... ..... ............... ..................... ........ .. ......... ..................... ....... 28 
Figure 19 FFT Comparison of circle and rectangle ...................................................................................... 29 
Figure 20 Log-Linear Plots of Frequency Components of Rectangle Reflection ........................................ 29 
Figure 21 Log-Log Plots of Frequency Components of Rectangle Reflection ............................................ 30 
Figure 22 Log-Linear Plots of Frequency Components of Circular Reflection........................................... 31 
lX 
Figure 23 Log-Log Plots of Frequency Components of Circular Reflection ............................................... 31 
Figure 24 Sound Intensity vs. Circle Area at 40 cm and 80 cm Axial Distance to Reflector ....................... 32 
Figure 25 Sound Intensity vs. Area at 40 cm Axial Distance to Reflector . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... 33 
Figure 26 Sound Intensity vs. Area at 80 cm Axial Distance to Reflector ................................................... 33 
Figure 27 Sound Intensity vs. Rectangle Aspect Ratio at 80 cm displacement . . . . . . . . . . . . . . . . . . . . . . . . . ........... 35 
Figure 28 Sound Intensity vs. Aspect Ratio at 40 cm and 80 cm Displacement . . . . . . . . . . . . . . . . . . . . . .............. 36 
Figure 29 Sound Intensity vs. Aspect Ratio at 40 cm Axial Distance to Reflector . . . . . . . . . . . . . . . .. . . . ............ 37 
Figure 30 Sound Intensity vs. Aspect Ratio at 80 cm Axial Distance to Reflector . . . . . . . . . . . . . . . .................. 37 
Figure 31 Relative Reflection Energy vs. Off Axis Position for Rectangle . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ........... 39 
Figure 32 Relative Reflection Energy vs. Off Axis Position for Circle . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... 39 
Figure 33 Echo Energy vs. Orientation of Reflector Surface ....................................................................... 41 
Figure 34 Linear-Linear Plots of Frequency Components of Circle Reflection . . . . . . . . . . . . ........................... 42 
Figure 35 Linear-Linear Plots of Frequency Components of Rectangle Reflection . . . . . . . . . . . . . . . .. . . . . . . ...... 43 
Figure 36 Geometry for point source calculations with sinusoidal source .................................................... 45 
Figure 37 Relative intensities vs. axial distance, computed (left) and measured (right) .............................. 46 
Figure 38 Geometry for extended source calculations with sinusoidal source ............................................ 47 
Figure 39 Relative intensities vs. axial distance, computed with extended source ...................................... 48 
Figure 40 Circle relative intensities vs. lateral offset, computed with extended source ............................... 49 
Figure 41 Rectangle relative intensities vs. lateral offset, computed with extended source ......................... 49 
Figure 42 Circle relative intensities vs. lateral offset, computed with time series ....................................... 51 
Figures 43 Rectangle relative intensities vs. lateral offset, computed with time series ................................ 51 
x 
Abstract 
Th is study was conducted to exam ine  the p roperties of sou nd  i n  relat ion to 
echo locat ion,  specifica l ly  i n  re lat ion to its use by humans. Th rough my thesis, objects of 
va ryi ng shape and  s ize were su bjected to a sound  wave to determ ine  deta i l s  a bout the 
object from the reflected soun d .  The shapes' comparisons were conducted at va ryi ng 
d i stances, measur ing the i ntensity of the return ing sound  wave at severa l frequencies.  
The resu lts demonstrated a corre lat ion between the i ntensity of the sound  in regards to 
d i stances, a rea of the reflector, and the shape of the reflector. 
XI 
I ntrod uction 
I n  the 2003 fi lm  Daredevil, a young boy's eyes were exposed to  a dangerous 
m ixtu re of chem ica l s  lead ing  to the loss of h i s  sight. Though h i s  sight was lost, the  boy 
found  that each of h i s  rema in i ng  senses had  been sharpened in response.  He found  that 
he cou ld  hear  very low i ntensity sounds  a l l  a round h i m  in add it ion to having the ab i l ity 
to visua l ize the sou nd  waves h e  h eard .  I n  the science fict ion TV program Star Trek the 
Next Generation, the b l i nd  Ch ief Eng ineer was given sight th rough the use of 
tech no logy, be ing ab le  to see even i nto the i nfra red and  u ltravio let spectru m of l ight. 
Recently, these fict iona l  stories have begun to insp i re new poss ib i l it ies for the visua l ly 
i m pa i red . 
I h ave a lways been insp i red by those that have overcome d isab i l it ies to ach ieve 
great th i ngs in the world .  Many of these i nd ividua l s  see obstacles in the i r  l ives s imp ly as 
p rob lems to overcome, rather  than  im passib le  chasms.  In cases of a loss of a sense, it is 
common for i nd ivid u a ls to adapt with a strengthen ing  of another  sense. SONAR, or 
Sound Navigation And Ranging, works by measuring the delay between an initial sound 
wave and  its echo.  From the length of t ime of these de lays, the  d i stance to a n  object 
ca n be esta b l i shed .  Th is  p rocess is s im i l a r  to processes that have deve loped th rough 
evo lut ion i n  the  an ima l  ki ngdom, a l lowing an ima ls to detect objects i n  low i l l u m inat ions .  
From do lph ins  to bats, an ima l s  have evo lved to use a nyth ing that m ight give themselves 
an advantage to best flou r ish in the i r  envi ronments. 
Our sense of hear ing has evolved as one of our fi rst l i nes of defense aga inst 
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danger. We fal l  s i l ent at the sou n d  of brea ki ng glass i n  a restau ra nt, with a l l  of our  
senses focus ing on the offend ing  sou n d, u nt i l  we are reassu red that a ny danger has past. 
For the visua l ly impa i red, sound  offers the i r  best opportun ity to navigate the world .  The 
visua l ly i m pa i red uti l ize a ca ne  not on ly for tact i le  sens ing, but add it iona l ly as a source of 
sound  for echo location .  As a can e  contacts a su rface, an  acoustic wave is generated .  
The users l i sten for reflect ions of  these acoust ic waves from objects i n  the envi ronment 
and  a re ab le  to identify and  locate the objects .  
The objective of my research was to measure the frequency dependence of the 
amp l itude of the reflected sou n d  waves with va riat ion i n  shape of, or ientat ion of, s ize of, 
and  d i sta nce to the reflector. My hope is that a n  u n derstand i ng of the reflected wave 
cha racterist ic's dependencies to lead to the  construct ion of a device which m ight a l low 
the visua l ly impa i red to n avigate the world m uch l i ke those in the rea l m  of science 
fict ion and  fantasy. 
Such a device cou l d  be attached to the  head of a n  i nd ivid ua l  and  uti l ized for the 
pu rpose of echolocation .  It cou l d  add it iona l ly be used by emergency personne l  i n  low 
l ight environments to better n avigate haza rds .  Add itiona l ly, this cou ld  be used by 
i nj u red marine  or terrestri a l  mamma ls as a p rosthet ic echolocator to ta ke the p lace of a 
lost sense.  Th rough the uti l izat ion of "enha nced" echolocat ion the an ima ls  cou ld  not 
on ly detect a n  objects presence, they cou ld  poss ib ly determ ine  i nformation i n  regards to 
the  s ize, shape and  dens ity of the object . 
In the last decade, a man  named Dan ie l  K ish,  a n  American man b l i nd  s ince the 
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age of 13 months, has  sought to app ly these d iscoveries to h u mans . (World Access For 
The B l i nd  1 )  M r. K ish tra ins  students to send out a "c l i ck" of sou nd  made by the i r  
tongue .  With  tra i n i ng, i nd ivid u a ls have been ab le  to detect the d ifferences i n  freq uency 
and  i ntensity between the i n it i a l  source "cl i ck' and  the return ing echo. Th rough the 
system, an  i nd ivid u a l  is tra i ned to l i sten to and  p rocess the acoust ic echoes a round  them 
to not on ly locate a n  object, but to a lso a l low for a menta l construct ion of the  
d i mens ions of  the object. Human i nd ividua l s  emp loying th i s  method have been known 
to ride the i r  b icycles through resident ia l  streets, comp let ing obstac le cou rses to test 
the i r  echo location, and  uti l i z ing th i s  sona r  to ach ieve a level of societa l i ntegration 
sighted i nd ividua l s  m ight ta ke for granted . 
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Acoustic waves and echolocation 
The acoust ic waves stud ied i n  th i s  thesis a re generated by  the  d isp lacement of  a 
su rface which resu lts i n  a loca l i zed pressu re change.  I n  rega rds to h u m a n  hear ing 
percept ion,  the  range of freq uencies of the  acoustic waves must l i e  i n  the range from 20 
Hz to 20,000 Hz .  
Sou nd must have an  energy sou rce to create the d istu rbance, in  add it ion to a 
med i u m  for a sound  wave to p ropagate with i n .  Th is  d istu rbance resu lts i n  a 
d i sp lacement of the med i um, ca us ing a change i n  p ressure. Th is  prod uces com p ress ions 
( regions of h igher density and h igher p ressure )  and  ra refact ions ( regions of lower 
density and  lower pressu re )  i n  the med i u m .  The e last ic p roperties of the med i u m  ca use 
the d istu rbance to p ropagate th rough the m ed i u m .  This propagation transfers energy 
ca rr ied by the  acoust ic wave . Our  hearing system absorbs some of the energy of the 
acoust ics waves and is ab le to detect these re latively sma l l  d ifferences in  pressure as 
they a rrive at our ears .  Our b ra i n s  process the signa l  which a l lows us to identify type of 
sound  be ing p roduced .  
As the d i stance i ncreases from an  object, there is more a rea for the wave to 
cover. The i ntensity decreases as the i nverse of the sq uare of the d ista nce from the 
object, 
(2 . 1) 
where /1a nd  /2 a re the  i ntensit ies at d i stances /1 and  /1 from the sou rce, respectively. 
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As the d istance i ncreases between the sou rce and  the object, the intensity of the sound 
wi l l  decrease.  As the d i sta nce from the sou rce i ncreases, there is less power per u n it of 
a rea ( i ntens ity) to str ike the ear  d ru m .  We perceive th is  as a less i ntense sou n d .  
Most acoust ic waves a re not com prised of a s ing le frequency. W h e n  add it iona l  
freq uencies a re super im posed upon a sou rce signa l, a comp lex waveform is p rod uced . 
Th is concept was stud ied by Joseph Fou rier, who found that the comp lex waves ca n be 
sepa rated i nto s ingu la r  frequencies and  ana lyzed .  Us ing Four ier Ana lysis, t h e  spectra l 
content of two acoust ic waves can be compared and  i nd ivid ua l  frequencies ca n be 
identified . 
The p ropagat ion of the sound  waves through the a i r  ca n be mathematica l ly and  
conceptua l ly demonstrated th rough the  Huygens-Fresne l  p rinc i p le .  The pri ncip le  states 
that every point of a wave acts itself as a s ingu l a r  sou rce of the wave . For acoust ic 
waves i n  a ir  that are be low the th reshold of pain i n  amp l itude, we ca n operate u nder the 
assu m ptions of the Law of Superposit ion,  which states that waves propagate 
i ndependently of one other  and  the  d isp lacement of the a i r  i s  the su m of the 
d i sp lacement of  the independent waves. (Berg, Stork 1982} 
Th rough echolocat ion,  sound  ca n be used to determ ine  more than  the d ista nce 
to an  object . Tech n iques i n  echo locat ion can be uti l ized to determ ine  an  object's 
density in add it ion to its d i mens ions .  M a ny terrestri a l  an ima l s  uti l ize echolocat ion with 
a terrestri a l  vers ion of sona r  a l lowi ng for h u nti ng, object locat ion and th reat detect ion . 
Echo locat ion is used by humans  to identify the type of room we a re i n .  Wh i le  our  
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aud itory senses a re not as speci a l ized, we ca n determ ine  a great dea l  by measur ing the 
t ime which a re req u i red for a sound  wave to return to us .  I m agine  s ing ing a s ing le a 
note i n  a cathedra l  versus s ing ing it i n  a sma l l  room .  Both sounds  wou ld  have echoes, 
however the note in the cathedra l  wou ld  take longer  to retu rn to you than  it wou ld  in a 
sma l l  room .  We perceive a sou nd  i n  a cathed ra l  d ifferently due  t o  t h e  increased a n d  
va r ied d i sta nces t o  wa l l s  and  t h e  i ncreased ti me  req u i red for t h e  sound  t o  return t o  our  
ears .  
An add it ion a l  cons ideration is the background  noise .  H u m a n  environments a re 
fi l l ed  with a m u ltitude of u n ique  sou nds  and  vib rations .  To a n  echolocator, these 
cons iderat ions a re an i ntegra l part of the i r  da i ly l ives. 
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Literatu re Review 
""Wh i l e  they were sayi ng among themse lves it ca nnot be done, it was done ." 
- He len  Ke l l e r  " 
Th is  p roject was insp i red by the televis ion p rogram "Stan Lee 's  Superh u mans". 
The p rogra m's prem ise is to exp lore the extremes of h u m a n  ta lents and  tra its. The 
i nd ividua l  I took most note of is a man  named Juan  Ruiz .  Th is man is ab le  to uti l i ze 
tongue "cl icks" as a sou rce of sou n d  and  use the reflect ions of the c l icks to "see" objects 
near  h im ,  which a l lows h im  to maneuver in h i s  envi ronment. My resea rch i nto h i s  ab i l ity 
has  led me to the work of an i nd ividua l  named Dan ie l  K ish . He works with i nd ividua l s  to 
he lp  deve lop th i s  ab i l ity to ga i n  an add it iona l  sense of the world a round them.  Us ing 
m agnetic resonance imaging (MRI ), it was shown that h i s  tra i n i ng  enab led students to 
activate the visua l  cortex in associat ion with the sounds  they detected . This a l l owed 
them to visua l ize the sou nd  waves th rough the s imu ltaneous activation of both the i r  
visua l  and  aud itory cort ices. Th is  system, deve loped by Dan K ish ,  has  been named "flash 
sona r". (The Bra i n  on Sona r  1 )  
M a ny i nd ivid ua l s  h ave i ndependently developed s im i l a r  echo locat ion systems. 
One such was the late Ben Underwood .  Th rough his mother's tra in i ng  and his own 
determ inat ion to overcome h i s  deb i l itat ing cancer, M r. U nderwood developed a 
tech n ique  nearly ident ica l to flash sona r. H e  was known to adeptly ro l lerb lade between 
pa rked ca rs, ride  b icycles, locate objects, and even p lay video ga mes by the sou n d .  
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Below is a statement about flash sonar  developed by M r. K ish: 
"We a re a ded icated team who lead by exa m p le, as most of us  a re b l i nd! Our un ique, 
scientific  method teaches b l i nd  people to see i n  new ways by activat ing the b ra i n  to ga in  
i mages of  the world th rough sou nd and  touch - l i ke l ight ing a match in  the dark. We a re 
known for ou r  No  Li m its att itude,  as we do not sett le for the m i n imu m requ i rements of 
fu nct ion ing, but i nstead cha l lenge ou rse lves and  our  students to reach beyond the i r  
l im its. Our  students understa nd that they can d i rect the i r  own l ives r i ch  with q u a l ity, 
promise, and  as much excitement and  i ntr igue as they cou ld  wish for. By our  approach, 
b l i nd  people ca n grow from being passive recip ients, often margina l ized and restr icted, 
to active contri butors free to ach ieve a qua l ity of l ife of the i r  own choos ing." Dan ie l  Kish 
(Wor ld Access For The B l i nd  2) 
"The sense of imagery is very rich for an experienced user. One can get a sense of beauty or 
starkness or whatever- from sound as well as echo" - Daniel Kish 
"Perceptua l  Mob i l ity", as M r. K ish t it les it, d rew from h i s  ca ne, seen i n  h i s  youth as 
a hand ica pped device, yet now a tool that wou ld  he lp  to set him free. 
Th is  was stud ied uti l i z ing Magnet Resonance I m agi ng to ana lyze what was 
ha ppen ing in the b ra in  of subjects wh i le  they were us ing the FLASH sonar  system .  For 
th i s  study, M r. K ish and  another  su bject were each fitted with a microphone to record 
the  acoustic waves reflected . They were set the task of the  identification of objects 
ins ide  an anechoic chamber, where they judged the location,  ( left or right), sha pe, and  
movem ent of  the reflector. The i nd ivid ua l s  were then taken to  an  outdoor sett ing to 
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ana lyze the i r  ab i l ity to identify com mon everyday objects i n  a n  everyday envi ronment 
and  again the  sounds  were recorded .  These record ings were p layed back to the subjects 
wh i l e  magnetic resonance i mages were recorded .  
The i nd ividua ls  i n  the study were p ut ins ide a n  MR I  apparatus, wh i l e  they were 
exposed to return ing waves, the echoes p roduced by the experts. To e l im inate a ny b ias, 
such as se lf-tra i n i ng  that other  b l i nd  i nd ividua l s  m ight have, s ighted, non-echo locators 
were se lected as the contro l  groups for the M RI ana lys is .  (Wi red 1 )  Th rough the 
ana lysis, the i mages revea led the  contro l  group  had a typ ica l  response to the acoust ic 
waves, with h igh activity i n  regions  of the b ra i n  associated with aud itory p rocessi ng. The 
unsighted echolocators of the test group had  results that were somewhat unexpected . 
These i nd iv idua ls  showed add it iona l  act ivity i n  the aud io  cortex, however it was i n  the i r  
visua l  cortex that researchers viewed the sta rkest response.  The activity i n  the visua l 
cortex was s im i l a r  to that of a sighted person processing  visua l  i nformation .  It was 
conc luded that those tra ined as echolocators were ab le  to visua l ize the sound waves 
a round th em.  The acoust ic waves were not on ly  aud ib ly  perceptib le, but created a 
menta l image of the objects a roun d  them.  
Th rough h i s  vers ion of  SONAR, M r. K i sh  has  been shown to  perceive beyond the  
bas ics of  the substances, be ing ab le  to  at  low background sou nd leve ls  and re latively 
short d i stances to determ ine  from what type of materi a l  a substance is made .  
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Questions 
I t  i s  from M r. K ish's work that I d rew my i n it i a l  quest ions .  What was occurring to 
the  sound waves as they reflected back to the  i nd ividua l's ears? What d ifferences in  
i ntensity a re humans  ab le  to perceive with th i s  ab i l ity? What could be the l im its for th i s  
system i n  a rea l  envi ronment and  would background no ise  p l ay an  im porta nt factor? 
Th rough i n it i a l  research a n d  l iterature review, there were key quest ions that 
a rose perta i n i ng  to the app l icat ion of echolocat ion for the visua l ly impa i red .  
1 .  What is the  effective range of  the echo locat ion for huma ns? 
2 .  How do the s i ze  and  shape of  a n  object affect the i ntens ity of  the reflected 
wave? 
3 .  Ca n shapes be determined th rough the  d ifferences i n  the  i ntens ity of the wave? 
4. Are there detectab le  d ifferences i n  the i ntensity at d iffer ing or ientat ions to the 
source? 
5. Do acoustic waves ta rgeted at the  center or  the edge provide more i nformation 
a bout the shape of a n  object? 
6 .  Does the presence of multi p le  frequencies i n  the c l ick provide more i nformation 
than si ngle frequency c l ick? 
1 0  
Construction 
A sou rce wave was i n it ia l ly insp i red b y  t h e  "c l ick" of a bats em iss ion wave. For our  
fi rst tri a l s, a c l i ck  was used  with a s ing le i n  add it ion to  the spurious com ponents 
generated beca use of the l im ited t ime length of the wave for a c l ick. 
This provided i nsufficient i nformation about the sha pes of the objects. U pon 
fu rther  experimentat ion, it was decided to emp loy a h u m a n- l i ke c l icki ng sou nd, which 
conta i ned th ree dominant freq uency com ponents. The c l ick used i n  the  exper iments had 
th ree equa l  amp l itude freq uency com ponents at 4000 Hz, 8000 Hz  and 12000 Hz .  
The d u ration of the c l ick was approxim ately .75 m i l l iseconds .  For each tri a l , 10 
repetit ions of the  m easurement were made with a one second interva l between each . 
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Figure 5 Detected plot of sampling amplitude vs. time 
A record ing  of reflected waves from the room was obta ined with no objects 
present. Th is is  defined as the contro l  with in  th is  thesis .  
The Apparatus 
The reflector apparatus consists of a 1 .66 meter r ing-stand with a reflector 
mounted to it. The reflector is made of M D F, M ed i u m  Density F i berboa rd, as the wood 
is fab ricated to have a u n iform density th roughout to avoid the loss of sound  qua l ity to 
the  damaging effects of acoust ic resonance. The reflector th ickness is  1 .9  cm.  On each 
reflector, h i nges and screws were added to a l low for the object to be affixed to the 
c ircu l a r  r ing sta nd .  The reflector's center defines the  posit ion of the  axis for measur ing 
latera l d isp lacement.  
M arks were p laced u pon the floor i nd i cated the successive d istances for the 
d i stance exa m ination .  For the ana lys is through edge detection, l atera l  movement of the 
object was uti l i zed . The reflector is  moved in  1 .9  cm increments, as th is sp l it the 30 cm 
va l ue  i nto 16 segments, with a n  add it ion four data points taken beyond  the edge of the 
c irc le .  Add itiona l  data poi nts were taken near the edge, at 5. mm increments for a more 
com p lete ana lysis of the shape .  
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The Reflectors 
There a re-four  vers ions of the rectangle and  four  vers ions of a c i rc le that were 
tested. For the comparison of effect of shape u pon the resu lts, the c i rc le of rad ius  3 1.5 
cm a n d  the  rectangle with a n  aspect rat io of 1:1 were designed to be of s im i l a r  a rea .  
The c i rcu l a r  objects varied i n  the rad ius, wh i l e  the recta ngles had  an  eq ua l  a rea 
for each d ifferent aspect ratio-between the length and the width .  The re lative 
posit ion i ng  of the reflector and  the  acoust ic sou rce was measured re lative to a 
coord inate system i nd icated i n  the figure above . 
Circular Objects: The m ater ia ls  used to 
construct as the reflector were of a 
u n iform density on the sca le  of the 
freq uencies used,  th roughout the  
med i u m .  
Figure 6 Circular Objects 15, 31 .5  and 45 cm {10 cm not shown) 
For the  reflectors, the change of i ntensity with object of an  i ncreas ing a rea was 
i nvestigated. 
The rad i i  of the c i rc le ranged from 10, 15, 31.5 and 45 centi meters 
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Rectangular Objects: 
For the  four  recta ngu l a r  reflectors, with the a rea kept as a consta nt. 
Figure 7 Rectangular 
Objects (1:1, 1:1.5, 1:2, 1:7) 
For the pu rposes of edge detection, the a rea of 
the  31 . 5  cm rad ius  c i rc le was i ntended to be ut i l ized as 
the standard a rea for the design of the d imens ions of the 
rectangles .  
The shapes were designed to address th ree of the 
fou r  ma in  q uest ions with one l ine of experi mentation .  
For  each  sha pe, there were four  d ifferent vers ions 
ut i l ized for experi mentation .  Each design was test ing th rough th i rteen d i sta nce poi nts, 
rangi ng axi a l ly from 10 cm to 200 cm, with 10 centi meter i ncrements through 100 cm, 
with 125 cent imeters, 150 cent imeters and 200 centi meters uti l ized as add it iona l  data 
po ints. These va l ues were determined th rough pre l im i na ry test ing of the  c i rc le and  
rectangle design, showing that as the d i stances approached the  90-100 cent imeter 
va l ue, the background  noise i nterfered with the return ing reflect ion . The sound  was 
recorded for a 11 seconds .  
With objects of  eq u a l  a rea, the data from the axi a l  ana lys is i s  uti l ized to compare 
whether  a shape can be determ ined from a s ing le u n moving sou rce. Th rough the  latera l  
movement o f  t h e  reflector, t h e  d ata is  uti l ized t o  determ ine  whether a moving reflector 
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such as i n  the  i nd ividua l s  uti l iz i ng  FLASH sona r, would more accurately be uti l ized for the 
determinat ion of  a n  objects shape .  
The test requi res two com puters .  The source com puter p roduced the sound 
th rough the  Audacity p rogra m as mult ip le  copies of the  p rogram run n ing on the  same 
com puter were found to i nterfere with  another  duri ng p re l im i na ry tests. The reflector 
and  source were centered at a he ight above the floor s i m i l a r  to the head he ight of a 
human  ch i l d .  A speaker is uti l ized as the source for the s igna l  wh i l e  a n  Aud io-Tech n ica 
M icrophone is uti l ized as the s i ngle receiver. 
A com ponent of the experiment which led to a h igher  degree of error  was the 
background noise i n  the laboratory room .  Though much of the sound were cons istent, 
some noise was i ntroduced ranging  from a p ipe  d ra i n i ng water to a b i rd ch i rp ing outside, 
a critica l com ponent of an  acoust ic exam inat ion is understand i ng the cond it ions i n  which 
the l aboratory is p laced . For a n  exam inat ion of the acoustic  properties of a room, it is 
i m porta nt to develop a contro l  of how the sound reflects i n  the room for each test ing 
per iod to compare the echoes aga inst .  
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Experi menta l Method 
Acoustic waves were generated us ing the p layback fu nct ion of Audacity softwa re 
ru n n i ng on a persona l  com p uter with a Windows XP operati ng system .  Audacity 
softwa re is a genera l p u rpose aud io softwa re package. It fu nctions as a recorder, 
p l ayback device, ed itor, fi lter, m ixer, and  ana lyzer, as we l l  as other  aud io  fu nct ions .  
Audacity was created by Dom i n ic M azzon i  and Roger Dannen berg i n  the  fa l l  of 1999 at 
Ca rnegie Me l lon U n iversity. It is free software and  is ava i l ab le  at 
http ://audacity.sou rceforge . net and  is  l i censed u nder  the G N U  Genera l  Pub l i c  License 
(G PL) .  
The ed itor funct ion of Audacity software was used to construct the c l ick. The 
c l ick ca n be descri bed as the  sum of th ree cycles of u n it amp l itude 4000 Hz  s ine  wave, 
six cycles of u n it amp l itude 8000 Hz s ine  wave, and  n i ne  cycles of u n it amp l itude 12000 
Hz s ine  wave which a re i n it ia l ly in phase at the begi n n i ng of the c l ick waveform . To 
fac i l itate m u lt ip le  tri a l s  of a pa rt icu l a r  reflector geometry, a n  extended length sa m p le 
was created that repeated the click precisely once per second. The once per second 
repetit ion t ime was selected because it was a l a rge m u lt ip le  of the reverberat ion t ime of 
the room in  which the experiment was performed.  There was no observed detecta b le  
residua l  reverberation of the previous c l ick after one second had  e lapsed from the 
i n it iat ion of the c l ick. The figu re on the fo l lowi ng page demonstrates, with axi a l  
d i stance at  80  cm,  the separation between the sou rce signa l  and  the detected reflected 
wave . 
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We a lso had to acco u nt that for axi a l  d i stances 30 cm and  less from the 
0 
m icrophone .  At th is  d i sta nce, the sou rce signa l  and  the echo wou ld  over lap .  Th is  was 
accou nted for ut i l i z ing excel a n d  subtract ing the contro l  s igna l  from the signa l  d etected 
from the m icrophone .  
0.4 
0.3 
0.2 
0.1 
0 
-0.1 
-0.2 
-0.3 
� -
I j - Jj Aj ' 
\
la
�
�
 .. .. ..._ -
·�' ., rAI UrJ J" "{, �"' , J ,. ""hi - - 'W -
-
in O• 1n 1nn 
' ., f If ,. • 
I 
Figure 9 Relative reflected energy vs. sample length (20 cm with overlap) 
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The images fo l lowing demonstrate the m ethod uti l i zed to separate the echo from 
the comb i ned sou rce s igna l  and  echo s igna l . 
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The d ifference va l ues were then used, a longs ide the data from the sha pes at 
distances greater than  40 cm, to com pute the Fast Fou rier  Transforms and  compare the 
shapes for exper iment one .  
I dea l ly, th i s  experiment wou ld  be performed i n  an  anechoic cham ber to 
e l im inate reflect ions from su rfaces other  than  those from the reflectors under  study. 
However, the budget for th i s  p roject d id  not a l low for the construct ion of such a fac i l ity. 
To part ia l ly e l im inate the reflect ions from other  su rfaces and  the d i rect sou nd  from the 
sou rce, a background  record ing of the room was ta ken with no reflector p resent. Th is  
background  was su btracted from each record ing  made with a reflector present. The 
background  record ing  was recreated at the beginn i ng  of each day of work to 
accom modate a ny change of posit ions of objects with i n  the room .  
The Aud acity software was used to  su btract the  background  record ing from each 
tri a l  record i ng. Th is  effectively removed the d i rect sound  from the sou rce and the 
reflect ions from nearby room objects .  The i n it i a l  tri a l s  were recorded a samp le  rate of 
44, 100 sam p les per  second .  As the sou rce transm iss ion and the record i ngs were done 
asynch ronously, the tri a l  record ings and  the contro l  record ing had to be tempora l ly 
a l igned before su btract ion .  The Audacity software on ly a l l ows for a l ignment at samp le  
t imes.  Th is i m p l i es that there was a maxi m u m  poss ib le  m isa l ignment, �tmax, of  the tri a l  
record ing  by u p  to  one-ha lf a sa mp le  period, 
1 1 -5 
Mmax = - 1 = l.13x10 S 2 44,lOOs-
20 
(6 . 1 ) 
Th is  offset was too great for the subtract ion of the contro l  record ing to 
effect ive ly remove the  d i rect sound from the source from the tri a l  record i ngs . The 
samp le  rate was i ncreased to 192,000 sa m p les per second .  Th is i ncreased the  p recis ion 
i n  sa m p le  t im ing  enough so the a l ign ment between the tri a l  sa m p les and the  contro l  
record i ng  would be close enough to effectively remove the d i rect source sound from the 
tri a l  record ing  upon subtraction .  
The  background corrected data was i m ported i nto M icrosoft Exce l .  I n  Excel, the 
record ing  data was averaged over ten c l icks .  It was determ ined that the  duration of the  
c l i ck  was  220 sa m p les i n  duration .  To determ ine  the re lative tota l energy in  a recorded 
c l ick, the sum of the squa res of the data points over the durat ion of the c l ick was 
ca lculated, 
220 
Ere/= L v�. 
11:1 
(6 .2) 
Where Ere/ is the  re lative tota l energy i n  the recorded c l ick and  Vn is the recorded vo ltage 
of the  nth samp le  i n  the 220 sa m p les with i n  the duration of the c l ick. 
In add it ion to ana lyz ing  the re lative tota l  energy i n  the c l ick, the re lative energy 
i n  the reflected c l icks was ana lyzed as a function of frequency. Fast Fourier  Transforms 
( F FT) of the  reflected c l icks were ca lculated . To fac i l itate the FFT ca lculation, the 220 
sa m p les of the c l ick were padded with a n  add it iona l  36 sa m p les to i ncrease the sa mp le  
length to  256 .  Th is was necessa ry because the ava i l ab le  FFT a lgorith m requi red the  
number  of  sa mp le  points to  be a n  i nteger power of  two. The FFT a lgorithm returned 
2 1  
comp lex-va lued amp l itudes of the  spectra l components, from which the power 
spectrum was determ ined by ca lculat ing the absolute squa re of the comp lex va lues. 
To address the quest ions, experi ments were designed with va r iat ion in the 
relative posit ion, or ientat ion,  and  geometry of  the reflectors. 
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Figure 13 Experimental Setup 
The image above defi nes the latera l  posit ion and  the axia l  posit ion i n  reference 
to the  exper iments. 
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Experi ment 1- Axia l Dista nce dependence 
Method 
To address the q uest ion a bout effective d i stance, the  dependence of reflect ion 
tota l energy as  a fu nct ion of axi a l  d ista nce was measu red .  Axia l  d istance was i ncreased 
from 20 cm to 100 cm in 10 cm increments, with add it iona l  data points at 125 cm, 150 
cm and  200 cm.  The reflectors used were the 30 cm c i rc le and  the rectangle with 1 : 1 
aspect rat io, which have s im i l a r  a reas .  
Results and Analysis 
The propagation t ime is dependent u pon the d i sta nce between the sou rce and  
the  reflector. P lott ing the  t ime de lay between the c l ick generation  and  the t ime the  
echo is  rece ived, a very l i nea r  re lat ionsh i p  is demonstrated between axi a l  d i stance and  
p ropagation t ime .  The s lope of  the l i ne  is expected to  be  
2 
slope = -
c 
(7 . 1 ) 
where c is the speed of sound  p ropagation .  A least sq uares fit to the data resu lts in a 
s lope 5 .749 ± 0.032 x 10-3 s/m with an  R2 of 0.9997. Th is resu lts i n  a va lue  347 .9±1.9 
m/s for the  speed of  sound .  The measured speed is  the speed of  sou nd i n  a i r  at  27 °C. 
The room temperatu re was not measured on the day the day was co l lected, but the 
room was rather  wa rm . 
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Propagation Ti me vs. Axia l  Dista nce 
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Figure 15 Linear Plot of Relative Reflected Energy vs. Axial Distance 
The p lot above of tota l energy vs . axi a l  d i stance i nd i cates on ly s l ight d ifferences 
between  the reflect ions from the sq uare shape reflector and the c i rcu l a r  shape .  As 
expected, the tota l energy d ecreases with d i sta nce. P lott ing the data on a log- log p lot, 
as shown in the figure be low, the  data fa l l s  approxi mately a stra ight l i ne, i nd icat ing a 
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power law behavior. A least squa res l i near  regress ion fit to the log-log data-resu lts in a 
re lat ionsh ip  between tota l energy and  axi a l  d i stance of the form , Erel = Ad-P , with 
the 95% confidence i nterva l for p lyi ng between 1 .55 and 1 .  75 and an r-sq uared va l ue  of 
.993. The ra nge of va l ues of p is not cons istent with the i nverse sq uare law, which ca n 
be exp la i ned by d iffract ion effects . 
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Figure 16 Log-Log plot of frequency components vs. Axial distance 
I nterest ingly, the 4,000 Hz reflect ion shows the  expected genera l  i nverse sq ua re 
law dependence over the enti re range of the reflector d i stance.  However, the 8,000 Hz 
and 12,000 Hz  com ponents have a departure from the i nverse sq uare law for d i stances 
less than  som e  m in ima l  d istance.  To understand  th i s, d iffract ion must be cons idered . 
F i rst, it m u st be d eterm ine  whether  th is  F resne l  or Fraunhofer d iffract ion .  U nder  most 
c i rcu mstances, F ra u n h ofer d iffract ion express ions a re not accu rate for va lues of 
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wave length d istance and  sou rce d i ameter such that 
(7 .2) 
where A is the  a rea of the source, l ambda  is the  wave length of the  sound  , and  dis the 
d i stance to the  reflector. 
The resu lts demonstrate that Fraunhofer d iffract ion express ions a re not very 
accu rate, a n d  Fresne l  d iffract ion shou ld  be app l ied for accu rate quantitative resu lts. 
However, a q u a l itative understand ing  of the resu lts ca n be ga ined us ing F ra u n hofer 
d iffract ion . 
The angu lar  width of the fi rst Fresne l  zone  is given by 
(1.22il) 
() = arcsin -d-
The va l ues of() for the th ree freq uency com ponents a re :  
Frequency (Hz) 4000 
()(degrees) Undefined 
8000 
50.3 
12000 
30.9 
The angu la r  width of the reflector is shown i n  the tab le  be low 
Axial Distance (m) 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.25 
1.50 
2.00 
Angular width (degrees) 
72.4 
57.6 
46.4 
38.2 
32.2 
27.7 
24.2 
21.5 
19.3 
17.5 
14.2 
11.9 
9.0 
26 
(7 .3) 
Compari ng the angu l a r  width of the reflector to the  angu l a r  width of the fi rst 
Fresne l  zon e, it can be seen at 12,000 Hz the angu l a r  width of the  reflector is outside  of 
the  fi rst F resne l  zon e  for axi a l  d i sta nces less than  a bout 60 cm.  That is the same axia l  
d i stance beyond wh ich  the  i nverse sq uare l aw approxim ately fits the 12,000 Hz  data . 
S im i l a rly , it ca n be seen at 8,000 Hz  the angu l a r  width of the reflector is outside  of the 
fi rst Fresne l  zone for axia l  d i stances less than  a bout 30 cm.  Aga i n, that is  the same axi a l  
d i stance beyond which the i nverse sq uare l aw approxi mately fits t he  8000 Hz  data . The 
4000 Hz  freq uency com ponent the  reflector i s  a lways with i n  the fi rst Fresne l  zone, so 
the  i nverse sq uare law approxi mately fits the  data for a l l  axi a l  d i stances. 
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Figure 17 Log-Log plot of total energy vs. Axial Distance 
The l i n k  between  the  re lative reflect ion energy (RRE) and  the axi a l  d ista nce 
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showed a strong corre lation .  As a n  object was p laced at greater d i sta nces from the 
reflector, the  RRE  d ecreased .  
Frequency Dependent Analysis 
There was no  obvious d ifference i n  the return ing tota l energy of the rectangle and  
the  c i rc le .  The refleced sound was fu rther  ana lyzed for returned energy as a function of 
frequency. The previously d i scussed FFT's were ca lculated . However, for comparison of 
the  reflect ions at d ifferent frequencies requi red correct ion for the re lative frequency 
dependent response of the m icrophone .  Looki ng at the re lative energies at d ifferent 
frequencies, we had  to correct the FFT results due to the frequency dependant of the  
m icrophone .  The ca lculated energy assigned to  a frequency i ntegrated the peak i n  the 
FFT by summing  the  energy va lues of  the five data points c losest to that frequency. 
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Figure 18 Typical FFT of a Reflection 
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FFT Com pa rison of Ci rc le and Recta ngle 
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Figure 19 FFT Comparison of circle and rectangle 
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Figure 20 Log-Linear Plots of Frequency Components of Rectangle Reflection 
At closer axi a l  d i sta nces, there appears to be some d i st inct ions i n  the frequency 
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behavior and  at greater d i stances, a l l  of the frequencies decrease at about the same 
rate . To test a power law behavior aga i n, the frequency com ponents were p lotted on a 
log-log p lot .  Super im posed on the  gra ph  i s  the l i ne  of the same s lope as  the l i ne  for the  
tota l energy cu rve above. Aga i n, the near  d istance departu re from the power l aw 
behavior wh ich  va ries by frequency may be a d iffraction effect.  
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Figure 21 Log-Log plots of frequency components of rectangle reflection 
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Circle 
The same two p lots a re shown for the c i rc le,  to which s im i l a r  statements app ly as for  the 
rectangle d ata above . 
Corrected 
� 
Log-Linear  Plots of Freq uency Com ponents 
of Ci rcu lar  Reflection 
1000 �------------------
� 100 -1-----""��--------------­
w 
"C Cll ti Cll 10 -1-----���--lloom!!!�,-----------� 
- 4000HZ 
� 8000HZ 
- 12000HZ 
a: 
Cll > 
:;::; "' 
Qi a: 
60 ... Cll c w 
"C Cll ti Cll i;:::: Cll a: 
Cll > 
:;::; "' 
Qi a: 
250 
0 . 1 �------------------
Axial Distance to Reflector (cm) 
Figure 22 Log-Linear Plots of Frequency Components of Circular Reflection 
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Experiment 2 - Effect of Area u pon echo intensity 
Method 
The experiment was designed to determ ine  the  effect of a change i n  the a rea u pon 
the  relative reflect ion energy (RRE) .  We ana lyzed the  resu lts from the c i rcu l a r  reflectors 
at two d i sta nces, 40 cm axi a l  d i stance and  80 cm axia l  d i stance.  We then compared the 
spectra l content of  the reflected wave for each shape, for each correspond ing d i stance.  
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Figure 24 Sound Intensity vs. Circle Area at 40 cm and 80 cm axial distance to reflector 
For the  q uest ion i n  regards to the re lat ionsh i p  between i ntensity and  the a rea of 
an object and  the i ntensity of the resu ltant echo the data showed an i ncrease of 
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i ntensity i n  respect to the reflectors with i ncreased a rea .  
Multiple Frequencies Analysis 
Circle at 40 cm 
� ... Cll c Cll 
"C Cll ti Cll � Cll a:: 
Cll > 
+:; 
"' 
'ii a:: 
100 
10 
1 
0 
Sou n d  I ntensity vs. Area at 40 cm Axia l  
Dista nce to Reflector 
1000 2000 3000 4000 5000 6000 7000 
Area of Circle (cm2) 
- 4000 HZ 
- soOO HZ 
- 12000 HZ 
Figure 25 Sound Intensity vs. Circle area at 40 cm Axial Distance to reflector 
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Figure 26 Sound intensity vs. area at 80 cm axial distance to reflector 
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Results: 
At 80 cm, it appears the  reflect ion strength demonstrates a s l ight dependence of 
the  rad i u s  of the  c i rcu l a r  reflector. At 40 cm, the reflect ion strength is a lso i ndependent 
of the  rad ius  of the c i rcu l a r  reflector, except for  the 10 cm rad i u s  c i rcu l a r  reflector. Th is  
was som ewhat u n expected, as my i n it i a l  conception of th i s  exper iment expected more 
energy retu rned from a l a rger reflector. However, the behavior at 40 cm may have been 
expected. With the  i ncrease i n  reflector s ize,  there wi l l  be  i ncreased reflect ion u nt i l  the 
size of the reflector becomes l a rger than the width of the centra l d iffract ion peak from 
the sou rce. The 10 cm rad i u s  reflector m ay have been ins ide  the centra l  d iffract ion 
peak, but  the  other  reflectors m ay h ave been l a rger the centra l  d iffract ion peak. A 
deta i led ca lcu lat ion beyond the scope of th i s  work may be requ i red to u nderstand  the  
observed behavior. 
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Experiment 3 - Effect of Aspect ratio u pon echo intensity 
We ut i l ized the rectangu la r  shapes with va ryi ng aspect ratios, 1:1, 1:1 . 5, 1:2, 1:7, 
at 40 cm and  80 cm axi a l  d istance.  They were then com pared to one another  at the  
d i stance as to  determ ine  whether  there was  a d i scernab le  d ifference i n  the reflected 
echo i ntensity. The specific m ethod ut i l ized for the future ana lys is q uest ion was th rough 
the comparison of each aspect ratio  at the "separation  po int" defi ned p revious ly as 40 
cm . 
Results and Analysis 
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Figure 2 7  Sound Intensity vs. Rectangle aspect ratio at 80 cm displacement 
For the  q uest ion i n  regards to the re l at ionsh ip  between i ntensity and  the aspect 
rat io of a n  object and  the i ntensity of the  resu ltant echo the  data showed a decrease of 
i ntensity i n  respect to the reflectors with i ncreas ing d ifferences of the i r  lengths i n  
comparison to  the i r  widths .  
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Figure 28 Sound intensity vs. aspect ratio at 40 cm and 80 cm displacement 
At the 40 cm d i stance, the sou n d  i ntensity is greatest for  the 1 : 1 aspect rat io to 
begi n .  For greater aspect ratios, the i ntensity decreases, wh i l e  the greatest i ntensity was 
for the 1 : 7 rat io .  Th is  resu lt was u n expected, though cou l d  be exp la i ned by d iffract ion,  
which wou ld  i ncrease for  greater aspect rat ios, however, the 1:7 aspect ratio and poi nts 
in between a re of i nterest and  requ i re fu rther  sam p les to be taken in the futu re .  
The i ntensity was lesser  for the 80 cm d i sta nce as expected .  The i ntensity for the aspect 
ratios i ncrease for  the  greater aspect rat ios i n  a s im i l a r  fash ion and  d i rect ion for the 40 
cm va l ues .  
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Figure 29 Sound intensity vs. aspect ratio at 40 cm Axial distance to reflector 
The d i st inct ion for the aspect rat ios for the 40 cm d i stance can be defined by the  
d iffract ion of  the  reflected sou n d  energy. 
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Figure 30 Sound intensity vs. aspect ratio at 80 cm axial distance to reflector 
For the  comparison of the m u lt ip le  frequencies, there was a s l ight decrease i n  
the  re lative reflected energy measured through t h e  4000 and  8000 Hz frequencies.  The 
12000 Hz  frequency had a p ronounced decrease i n  re lative reflected energy from the 1 : 
1 aspect rat io th rough the 1 : 2 aspect rat io .  Th is  trend seem ingly d id  not conti nue  for 
the 1 : 7 aspect rat io .  Fu rther  study is suggested for th is  shape .  
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Experi ment 4 - Edge Ana lysis of objects 
Method 
The c i rc le  with rad i u s  30 cm and  the rectangle with aspect rat io of 1:1 were 
selected for the  l atera l movement data co l lect ion .  The reflector was set at a consta nt 40 
cm axia l  d i sta nce away from the reflector. Th is was due  to the  over lap of the waves 
shown in the fi rst data set of the  source s igna l  and  reflected wave . The reflect ion data 
for the latera l d i sp lacement of both the c i rcu l a r  and  recta ngu la r  objects of s im i l a r  a rea 
were ana lyzed .  The objects were moved latera l ly begi n n i ng center at the reflector 
su rface, ( left to right), to address the q uest ion of the resu lt of the  use of m u lt ip le  c l icks 
with the goa l  of shape d ifferent iat ion . 
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Results and Analysis 
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Figure 31 Relative reflection energy vs. off axis position for rectangle 
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Figure 32 Relative reflection energy vs. off axis position for circle 
There is c learly a d ifference i n  the rate of fa l loff between  the c i rc le and  the 
rectangle .  C lear ly  the energy began  decreas ing fu rther  from the edge and  at a more 
u n iform rate for  rectangle than  for the c irc le .  The c i rc le decrease i n  i ntensity began  
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closer to the  edge than  for the recta ngle and  the  rate of i ntensity fa l loff was not 
u n iform, as it was for the  recta ngle .  Although fu rther  i nvestigat ion is needed, it appears 
the  h igher frequency com ponents of the reflect ion do not begi n to fa l loff u nt i l  near  the 
edge of the  reflector than  for the  lower frequency com ponents. This wou ld  be 
cons istent with the  d iffract ion effects d i scussed p revious ly. 
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Experi ment 5 :  Reflector Orientation 
Method 
Aga i n, the c i rc le  with rad i u s  30 cm and  the rectangle with aspect rat io of 1:1 were 
se lected for the  l atera l movement data co l lect ion .  The reflector was set at a consta nt 40 
cm axi a l  d i stance away from the reflector. In th i s  exper iment, the reflector or ientat ion,  
defined as cp, was changed i n  i ncrements of 15 degrees sta rt ing from 0 degrees and  
end i ng at  75 degrees. The shapes se lected were the  Rectangle and  C i rc le of  ident ica l 
a rea .  
Results and Analysis 
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A decrease in energy with i ncreas ing 4> is expected from si m p le geometric optics. F rom 
4 1  
45 degrees and  beyond,  there is a m arked decrease i n  the i ntensity of the sou n d .  M uch 
of th i s  cou l d  stem as per  the law of reflect ion, with va l ues above 45 degrees send i ng 
sou n d  waves 90 degrees from the sou rces, with very m in ima l  amounts of the i ntensity 
i n it ia l ly d etected from the reflector. 
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Linear-Linear  Plots of Freq uency 
Com ponents of Recta ngle Reflection 
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The d ata i nd icates that the h ighest freq uency com ponent d rop-off at the sma l lest 
a ngles .  Th is  was cons istent for both shapes tested .  That is cons istent with the n a rrower 
d iffract ion pattern associated with the h igher  frequency (shorter wavelength )  
com ponents. 
F rom this compa rison, there was for both shapes a sharp decrease in detected 
echo i ntensity after 40 degrees of rotat ion . 
The reflected sou nd  energy d ecreased q u ickly begi n n ing between 30 degrees and  
45  degrees. The d ecrease for the c i rcu l a r  object was more gradua l, though the p recise 
po int of d ecrease wou ld  requ i re more d ata points to be taken .  Th is  wou ld  be 
part icu l a rly i nterest ing for degree va l ues between 30 to 50 degrees for both shapes.  
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Theory 
As th i s  work is part of a teacher's ed ucation p rogra m, an  attem pt was made to 
use a s imp le  to understand  theoretica l model  of the experiments. H uygen's pr inc i p le  is a 
relative ly s imp le  concept for h igh school students to understand .  I n  add it ion, H uygen's 
pr inc ip le  lends itself to a very s imp le  to understand com putationa l  a lgorithm that can be 
app l ied to model these experiments. 
Huygen's princ ip le  states that each po int on a wavefront ca n be treated as a 
po int sou rce of a spherica l  wave to p red ict the p ropagation of the wavefront by 
s u m m i ng the d i sp lacement of each these spherica l  waves at a given t ime and  position .  
App l ied to  th i s  work, both the sou rce and  the reflector generate these spherica l  waves. 
The sum must account for the d ifference i n  path lengths the waves must trave l from 
d ifferent poi nts on the  sou rce to d ifferent poi nts on the  reflector to the microphone .  
The i n it ia l  ca lcu lat ions used a point sou rce mode l  for the sou rce and  a Cartesian  
grid of  poi nts to  represent the reflectors. 
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Figure 36 Geometry for point source calculations with sinusoidal source 
I =  f 
reflector 
(8 . 1 ) 
An examp le  resu lt from these po int sou rce ca lcu l at ions is given be low for the 
dependence of the strength of the echo as a fu nct ion of axi a l  d i stance for a c i rcu l a r  
reflector at  4000 Hz .  Although the expected i nverse sq uare l aw dependence is  evident 
at d istances greater than  100 cm i n  the ca lcu lated model ,  at lesser axi a l  d i sta nces the 
strength of the echo shows m uch greater va r iat ion i n  d i stance than  the experi menta l 
measu rements. 
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Figure 37 Relative intensities vs. axial distance, computed (left) and measured (right) 
The com putation a l  resu lts a re conceptua l ly understood by cons ider ing that as 
the  reflector is  moved farther  from the sou rce, a sma l l e r  n u m ber of Fresne l  zones a re 
i l l u m i n ated by the  sou rce. As the  d i stance is fu rther  i ncreased, a sma l l e r  and  sma l le r  
n u m ber  of  Fresne l  zones a re i l l u m i n ated by the  sou rce . When an  even n u m ber of  zones 
is  i l l u m inated, the tota l i ntensity is  low. When an  odd n u m ber of zones is  i l l um i nated, 
the tota l reflect ion is  l a rge . At l a rge enough d i stances, the reflector l i es comp letely 
with i n  the fi rst Fresne l  zone .  Fu rther  i ncreases i n  d i stance, resu lt i n  the expected 
i nverse sq uare law dependence of reflected i ntensity. 
As the sou rce was not a po int sou rce, but a n  extended sou rce with a rad ius  of 
the  sam e  order  of magnitude as the wave lengths of the  sou n d .  T he  d ifferences 
between the com puted mode l  and the experi menta l ly measured va lues  were cons idered 
to be poss ib ly the resu lt of the d ifferences between a po int sou rce and  an extended 
sou rce. Ca lcu lat ions were performed with a n  exten ded sou rce mode l  by a sou rce grid of 
points, with each point on the sou rce act ing as a sou rce of spherica l  waves i n it ia l ly in  
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phase with each other. The resu lt ing reflected waves from each of the point sou rces a re 
summed .  
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Figure 38 Geometry for extended source calculations with sinusoidal source 
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The ca lcu l ated resu lts of us ing the  extended source were closer to the  
experimenta l measurements, but sign ificant d ifferences rema in .  An examp le  of  an  
extended sou rce ca lcu lat ion at  4000 Hz is  shown at  be low. 
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Figure 39 Relative intensities vs. axial distance, computed with extended source 
The strong var iat ion with d i sta nce ca lcu lated with a po int sou rce is somewhat 
reduced . The resu lts from this ca lcu lat ion for re lative sou nd i ntensity as a fu nct ion of 
l atera l d i sp lacement of the reflector rep l i cate the  featu res of the experimenta l 
measu rements. I n  part icu l a r, F igu res 33 & 34 a p pear  to show a n  i ncrease i n  re lative 
echo i ntensity as the latera l d i sp lacement nears the po int at which the edge of the 
object is  d i rect ly i n  front of  the sou rce.  The i ncrease is  more d rast ic for the c i rcu l a r  
reflector than  for the rectangu l a r  reflector. The maxi m u m  reflect ion occurs s l ightly 
c loser to the edge of the c i rcu l a r  object than  it does for the rectangu l a r  object in the 
experimental measure ments. Both of these behaviors are, also reprod uced in the 
ca lcu l at ion resu lts. 
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Figures 41 Rectangle relative intensities vs. lateral offset, computed with extended 
source 
The s imp le  sum over phase d ifferences above does not take account of the fi n ite 
d u rat ion of the three-period c l ick used in the exper ience .  In many ci rcu mstances that 
were stu d ied experimental ly, the a rriva l t imes of the waves from some source and  
reflector po ints d id  not i n it ia l ly a rrive a t  the m icrophone u nt i l  the  a l l  the  waves from 
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other  poi nt sou rces had  fi n ished a rriving.  To account for the fin ite c l ick t ime, a t ime 
ser ies of  generated reflect ion was  ca lcu l ated with  the resu lts mode l ing the experimenta l 
t ime dependent record i ngs. Fast Fou rier  transforms of the t ime series were then used 
to fi nd  the  frequency dependent reflect ion i ntensit ies .  I dent ica l gr id po ints were used to 
represent the  extend sou rce and  reflector, as in the a bove s in usoida l  wave ana lys is .  
The m athematica l model  of th is  is 
V(t) = f J P(t - [D1 + D2 ]! C )!(D1 + D2 ) dAreflector dAsource 1 
source reflector 
that is approxi mated by the d iscrete sum 
v(t) = I IP (t - [D1 + D2 ]1 c)!(D1 + D2 ) 
source reflector 
P(t) is the sou rce c l ick funct ion,  
P(t) = 0 if t < 0 
(8 .3) 
(8 .4) 
P0 {sin(2.n'4000 s-1 t )+ sin(27l"8000 s -1 t )+ sin(27l"1 2000 s-1 t )} if 0 <= t <= 75 µs (8 .5) 
0 if t > 75 µs. 
Aga i n, for an exa m p le  case, cons ider  the echo reflect ion i ntensity as a fu nct ion of 
the  latera l offset shown be low. 
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Figure 42 Circle relative intensities vs. lateral offset, computed with time series 
The com puted resu lts for the c i rc le  show a n  enhanced i ncreased i n  the  near  edge sou rce 
for 12000 Hz, cons istent with the experi menta l measu rements. The com puted resu lts 
for the rectangle show much  less of an enhanced i ncrease near  the edge at 12000 Hz, 
cons istent with the  exper imenta l measu rement.  
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Verificat ion of the n u merica l method was performed by reca lcu lat ing resu lts for a 
longer t ime per  t ime i nterva l and  a lteri ng the sou rce so that it d id  not "tu rn off" at 75 
µs, 
P(t) = 0 if t < 0 
P0 {sin(2.n"4000 s -1 t )+ sin(2.1l'8000 s-1 t )+ sin(21l'1 2000 s-1 t )} if t � 0 (8 .6) 
The resu lts of for th i s  semi- i nfi n ite source fu nct ion were identica l  to the 
s in usoida l  sou rce resu lts to with i n  the n u m erica l p recis ion of  the  ca lcu lat ion after a t ime 
i nterva l that exceeded the i n it i a l  a rriva l t ime of  a l l  reflect ions from d ifferent source and 
reflector poi nts. 
In add it ion,  to test whether  the d iscrete approximat ion was va l id, some sa mp le  
ca lcu l at ions were performed with a m uch h igher  density of  grid poi nts cover ing the  
sou rce and  reflector. These ca lcu l at ion were a lso cons istent with the lower density grid 
po int ca lcu lat ions .  
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Concl usions 
These experiments were approached in  a m a n n e r  t o  best determ ine  t h e  effective 
ra nge of the  echolocat ion in comparison to the background  noise.  With th is  
cons iderat ion,  the da i ly va r iat ion of background  no ise was avo ided through co l l ect ing 
the  second set of data on a s ing le day, with a s ing le  contro l  of  the room uti l i zed as to 
avo id any major cha nges in the background  noise.  Th is  was a lso accompl i shed due  to 
the lack of the background  sou nd of the a i r  cond it ioner on th i s  day. Th rough the fi rst set 
of data, the a i r  cond it ioner was active, which u pon comparison showed that there was a 
d rast ic d ifference i n  the  effective range between the fi rst tria l s  with a h igher leve l of 
background  no ise, at 80 cm for the  effective range. For the lower leve ls  of background  
no ise, the reflect ions were detected to  a n  axi a l  reflector d i stance of  200 cm . 
Th rough the two series of data, it was determined that the effective ra nge is 
dependent upon the background  noise .  For i nd ivid ua ls with a h igher  sensit ivity than our  
m icrophone, th i s  cou l d  be i ncreased, however, the i r  ab i l ity to  detect at  a ra nge is  
i ncreased with the d ecreas ing amount sou nd that they i nteract with .  
These experim ents were conducted i n  iso lated cond itions, with few potentia l  
sou rces of  i nterference wh ich  m ight i nterfere with i n  the inspected t ime interva l .  For 
futu re experimentat ions, a suggest ion wou ld  be to conduct tri a l s  in outdoor cond it ions, 
wh i l e  worki ng to iso late the reflected acoust ic waves form the background  noise .  Th is  
wou ld a l low for p ractica l app l icat ions for  h u m a ns. 
One d ifficu lty d u ring the experi ments were the latera l movements of the 
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reflector. Wh i l e  the  or ientat ion with respect to the sou rce set to be perpend icu lar  to the 
sou rce s igna l, measurement l im itat ions left a n  u ncerta i nty of  severa l degrees. Th is  cou l d  
be m in im ized by  the construct ion of  a track system that wou ld  a l low for a h igher  degree 
of experimenta l p recis ion .  A com puterized system cou l d  be uti l ized to posit ion the 
object at  the p recise d i sta nces, with less error in  any var iab les such as angu la r  
d isp lacement, s l ight axi a l  d i sp lacement, or  measurement p recis ion l im itat ions .  With a 
h u m a n  measu red angu l a r  ana lys is, there were l im its i n  respect to the amount of 
p recis ion measu rab le  by h u m a n  devices. A mechan ica l  system even without computer, 
cou l d  h ave m i n i m ized these va ria b les .  Th is cou ld be avo ided i n  the future with a tack 
system, i n  add it ion to a motorized system that cou l d  more p recisely measure the 
angu l a r  d isp lacement.  
A background  signa l  was created by reflect ion from the reflector support 
structure .  Th is was most apparent as the a ngle i ncreases beyond 45 degrees, and  has 
been ident ified as reflect ions from the rod ho ld ing the reflector and  the edge of the 
reflector. An apparatus  affixed from the s ide cou ld  m in im ize the  reflect ion from the 
support .  A th inner  reflector wou ld  decrease the edge reflect ion,  but th i s  may i ntroduce 
other  p rob lems beca use of the reduct ion of the rigid ity of the reflector. 
The q uest ions tested i n  p roject have l ent to an  overa l l  understand ing of the way 
echolocat ion fu nct ions in reference to h u m a n  shape d ifferent iat ion .  The mode l  of 
FLASH Sona r  worked seemed to re ly u pon l atera l  d i sp lacement and  angu la r  
d isp lacement to  determ ine  the shapes of  objects .  I n  comparison to  the ana lys is of  the 
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axi a l  d isp lacement, the data does support the use of off-axis l atera l d isp lacement and  
angu l a r  d i sp lacement as more effective i n  the determ inat ion of  the shape of  objects .  
The Axia l  ana lys is showed some prom ise at determ i n i ng the shape of the object. 
However, its effectiveness is t ied to the freq uencies uti l i zed . A h igher  frequency based 
sou rce signa l  wou l d  be needed.  Fu rther  study of the spectra l content of the c l icks 
uti l ized by M r. K ish is suggested . It seems q u ite probab le  that such a system cou l d  be 
uti l ized, as the h u m a n  hear ing range, from 20 Hz  to 20,000 Hz, wou ld conta i n  our  sou rce 
s igna l .  However, fu rther  study with p ractit ioners of the  'acoust ic wayfind i ng' is needed 
to determ ine  whether  the d ifference detected between the reflected signa l s  wou ld  be 
d etecta b le .  
However, M r. K ish's model, uti l i z ing l atera l motion,  or  edge detect ion, methods, 
d i d  p rod uce more defi n itive d ifferences from the sha pes.  Th is  method seems prefera b le  
for when req u i ring  a defi n itive answer as to the  objects d imens ions .  
Th rough axi a l  d isp lacement, the d i stance to objects cou l d  be determ ined, 
however due to the effect of d iffract ion,  the data was i nconc lusive .  Add it iona l ly, due to 
the d iffract ion,  the resu lts i n  respect to the ab i l ity d eterm ine  the a rea of the object were 
a lso showed greater d i st inct ion from a nother  reflector approached the sou rce of the 
sound .  
I n  regard the ana lys is of  the  effect of  changes i n  reflector or ientat ions u pon the 
re lative reflected energy. The data supports that as the  c i rcu l a r  object had  a s lower 
decrease i n  the relative reflected energy with the i ncrease of the ang le .  Th is  is  
part icu la rly apparent i n  the ana lys is of the lower frequencies, as the  suffer  less from 
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d iffract ion . The 4,000 Hz  at 40 cm had no d iffract ion p resent, wh i l e  the d iffract ion for 
the  12,000 Hz  freq uency com ponent is notab le  as lends  to the conc lus ion that such h igh 
freq uencies a re i neffective for the detect ion of d ifferences between sha pes. 
The angu l a r  ana lysis for lesser frequencies may be another  criterion for the 
determ inat ion of the shapes of objects, pa rt icu la rly for a ngles i n  th i s  case greater tha n  
2 0  degrees. Fu rther  exper imentat ion, part icu la rly between 2 0  t o  6 0  degrees i s  
suggested . 
The comb ined effects due  to the size, shape, d i stance and  or ientat ion of the  
reflector m ay make i t  d ifficu lt for the echo locator to  d ist ingu ish i nd ividua l  geometric 
cha racteristics of the reflect ing object from one another. 
The latera l  d i sp lacement test was shown to be effective for both the 40 cm and  
80  cm d i stances. I t  add itiona l ly was shown to  be more effective a t  d ifferent iati ng the  
c i rc le aga inst the  sq ua re, as comparisons  of  the circle and  rectangle with eq ua l  a rea 
were shown to be i nconc lus ive when the ana lys is was done 
A com ponent of  the  experi ment, which I suspect led to a h igher degree of  error, 
was the  background  no ise i n  the laboratory room .  Though m uch of the sou nd were 
cons istent, some noise was i ntrod uced rangi ng from a p ipe d ra in i ng  water to a b i rd 
ch i rp ing outside, a critica l com ponent of an  acoust ic exa m i nation is understand ing  the 
cond it ions i n  which the  laboratory is  p l aced . For a n  exa m inat ion of the acoustic 
p ropert ies of a room, it is i m portant to develop a contro l  of how the sound reflects in 
the room for each test ing period to compare the echoes aga inst .  
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To ach ieve idea l  cond it ions the experi ment is be best su ited for an  anechoic 
chamber. Th i s  cou ld  be ach ieved i n  less expens ive manner  th rough m i n iatu rizat ion of 
the  setup .  With the ratios kept cons istent, the objects cou ld  be sca led down, a long with 
the m icrophone and sou rce to test the concepts without rega rd to the background  
noise .  
Add it iona l ly, th rough m in i atu rizat ion, concepts cou l d  be exp lored in  reference to 
a m u ltitude  of d iffer ing sha pes and  object densit ies.  Fu rther  cons iderat ions cou l d  a lso 
i nc lude  the experi mentat ion of the most effic ient contro l  vo l ume  uti l ized for the 
experi ment.  
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Futu re Appl ications 
An  add it ion a l  i dea  is  to  deve lop a system which wou ld  uti l i ze hyperson ic sou nd  
waves to  echolocate. Th i s  sounds  waves, possess ing h igher frequencies, wou l d  be less 
constra i ned when stri k ing an object due  to the d iffract ion when i nteract ing with the 
objects .  Th rough i n it i a l  designs by Ch ristopher  He l le r, a computer eng ineer  with  the 
Cray Corporat ion,  such a system wou ld  send its resu lts to the  users ear, where the 
i nformat ion wou ld  be transm itted to them sca led to aud ib le  sou nd waves, to be uti l ized 
by the FLASH sona r  system .  Conceivab le, with the use of a m icrocomputer, the object 
cou l d  be identified when com pared aga inst objects of s im i l a r  echo i ntensity and  "co lor". 
The benefit of the former wou ld  be the re l i ance upon the h u man  i nte l l ect to p rocess the 
i nformation,  rather  than  what cou ld be thought of  as a G PS navigator apparatus  to 
locate the  object . Rather, th i s  system cou l d  work to en hance the natura l  system, and  
conceivab le  become a veritab le  "G PS of the m ind". 
I nd ividua l s  who struggle and  overcome d i sab i l it ies, from sight, to deafness, a re 
seem i ngly ab le  to benefit i n  the loss of what so many take for granted .  The i r  strength to 
adapt, to be beyond the i r  seeming  l im itat ions has  given h u m a n ity some of our  greatest 
stories of determ inat ion and  strength .  
My goa l  with th i s  experiment was to  he lp  l ay the foundat ion to  deve lop a system 
that m ight lend these ab i l it ies to those who cou l d  use it. However, my goa l  i s  that to 
open the world to others that have never seen as we have . 
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